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Abstract
There is an increasing need formonitoring schemes that help understand the evolution of the global
biodiversity crisis and propose solutions for the future. Indicators, including temporal baselines, are
crucial tomeasure the change in biodiversity over time, to evaluate progress towards its conservation
and sustainable use and to set conservation priorities. They help design andmonitor national and
regional policies on biodiversity; they also feed into national reporting on international agreements
such as the Convention onBiological Diversity and the SustainableDevelopmentGoals.We analyse
themethodological approach offive small African projects resulting from a call to promote indicator
development, improvemonitoring capacity and strengthen the science-policy interface in the field of
biodiversity.We compared their approach to existing guidance provided by the international
community, specifically the Biodiversity Indicators Partnership. To this end, we assess whether
internationally recommended steps are effectively applied to national/local biodiversitymonitoring
in selected developing countries.We also present lessons learnt fromworkshop interactions between
partners involved in these projects. Through our pilot projects we identified data availability and data
accessibility, together with the involvement of stakeholders, as critical steps in indicator development.
Moreover, there is a need for a better awareness and awider application of the indicator concept
itself. Hence, training of key actors both in the policy and science spheres is needed to operationalize
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learnt can stimulate and support countries in theGlobal South to formulate policy-relevant
biodiversity indicators.
Introduction
Earth is experiencing amass extinction event (Ceballos
et al 2017, Tilman et al 2017). To address the current
biodiversity crisis, understand its evolution and pro-
pose solutions, monitoring schemes are needed. Base-
lines are crucial to understand temporal changes in
biodiversity, to evaluate progress towards its conserva-
tion and sustainable use and to set conservation
priorities (Mihoub et al 2017). They help design and
monitor regional and national biodiversity policies,
feed into national reporting on international agree-
ments such as the Convention on Biological Diversity
(CBD) and the Sustainable Development Goals (Bubb
et al 2010, Joppa et al 2016), and provide input for
global reports such as WWF’s Living Planet Report,
IPBES assessments or CBD’s Global Biodiversity Out-
look. Jones et al (2011) define monitoring as a process
that includes collection of primary biodiversity data,
feeding of data into indicators, and public dissemina-
tion of their spatial and temporal trends. Indicators
can be defined as a ‘measure based on verifiable data
that conveys information about more than just itself’,
hence they are purpose-dependent (Biodiversity Indi-
cators Partnership (BIP) 2011). Global efforts—e.g. by
the Group of Earth Observations Biodiversity Obser-
vation Network (GEO BON), the Biodiversity Indica-
tors Partnership (BIP) and the ad hocTechnical Expert
Group on Indicators for the Strategic Plan for
Biodiversity 2011–2020—identify and develop indica-
tors for assessing progress towards the CBD Strategic
Plan and its Aichi Targets, intended to guide the efforts
of the international community to address the biodi-
versity crisis. Although these indicators could be used
both at the global level and by parties and international
organisations, recent studies show that the disaggrega-
tion of global indicators for use at the national level is
rare, one of the reasons being that they are often
intended for different types of users and purposes
(Bubb 2013, Convention on Biological Diversity
(CBD) 2017, Geijzendorffer et al 2017, Han et al 2017).
Bubb (2013) strongly argues for aggregating national-
level indicators to create a global index, instead of
disaggregating global indicators to the national level:
indicators should primarily be designed for national
needs and be tailored to nationally adopted targets.
Despite significant efforts to develop biodiversity
indicators, global indicators still fall short of an accu-
rate and comprehensive picture of biodiversity, and
are often underused in decision-making. Biodiversity
data richness is skewed towards the poles, while spe-
cies richness and conservation relevance is greatest in
the tropics (Collen et al 2008, Wilson et al 2016). Bio-
diversity data are lacking in the tropics because (1) data
is either scarce or of poor quality due to poor research
efforts and (2) available data may not be accessible for
lack of collaboration between institutes or because
data are not adequately presented, published or cen-
tralized. Unfortunately, there is a lack of collaboration
and communication at the science-policy interface
between the data holders and the policymakers who
need to use the information. The lack of cross-sectoral
or inter-ministerial collaboration is amajor barrier for
using and mainstreaming biodiversity information
(overview: Stephenson et al 2017). Moreover, a lot of
technical barriers prevent efficient use of data, e.g.
with regard to data-sharing platforms or availability of
software or internet for e.g. remote sensing applica-
tions (de Klerk and Buchanan 2017). Despite efforts to
disaggregate global indicators for use at national level
(Biodiversity Indicators Partnership (BIP) 2011),
major gaps persist in the Global South, beyond just
data quality and availability: relevance to national con-
text, capacity, funding, infrastructure, technologies,
and governance (Han et al 2014). Also, the willingness
to generate indicator data varies between countries
(Bubb 2013, Han et al 2014). Finally, awareness of
indicators is insufficient, limiting their use (Vanhove
et al 2017). This results in biodiversity not being ade-
quately taken into account in decision-making and
national planning and reporting and hinders countries
in monitoring their biodiversity for their National
Biodiversity Strategies and Action Plans (NBSAPs)
(Collen et al 2008). This can then lead to a negative
feedback loop: a lack of policy-relevant scientific
research leads to inappropriate policies because these
are not sufficiently science-based and vice versa.
To improve capacity for indicator-based monitor-
ing and stimulate collaboration between scientists and
policymakers, the CEBioS programme, funded by the
Belgian Development Cooperation, developed a com-
petitive call for projects in line with the Measuring,
Reporting and Verification (MRV) approach mostly
known from carbon management and forestry
(Vanhove et al 2017, CEBioS (Capacities for Biodi-
versity and Sustainable Development) 2018). As with
MRVwithin the typically multilevel framework of car-
bon management, we expect the integration of infor-
mation to be key to success but also a challenge for
MRV of biodiversity and biodiversity policy (see Kor-
honen-Kurki et al 2013).
The five African case studies resulting from this
call aimed to develop biodiversity indicators to sup-
port reporting on their NBSAPs. While the countries
in question do conduct monitoring of biodiversity,
biodiversity policies or ecosystem services, it is gen-
erally focused on specific services or indicator taxa and
does not routinely feed into national policy-relevant
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indicators. Examples include a study on the conserva-
tion importance of sacred forests in Central Benin
(Ceperley et al 2010), and a recent project onmonitor-
ing anthropogenic impact in the littoral zone of Bur-
undian Lake Tanganyika (VLIR-UOS 2018).
We discuss lessons learnt from project workshops.
Moreover, the quality of the indicators and themetho-
dological approach of these projects are analysed. We
compared it with guidance provided by the interna-
tional community, specifically the BIP (Bubb et al
2010), to assess whether recommended steps are effec-
tively applied to national/local biodiversity monitor-
ing in developing countries. We hope that these case
studies and lessons learnt, and the comparison
between countries, can encourage and support other




A competitive call was launched for year-long projects
aiming to improve monitoring capacity and
strengthen the science-policy interface in the field of
biodiversity in selected partner countries of the
Belgian development cooperation (Vanhove et al
2017, CEBioS (Capacities for Biodiversity and Sustain-
able Development) 2018). In line with the above-
mentioned recommendation of Bubb (2013) to focus
on indicator development at the national level, it
aimed to develop and test an approach, for national or
sub-national monitoring and reporting (Measuring,
Reporting, Verification) of biodiversity and biodiver-
sity policy, that is better tailored to countries in the
Global South, specifically Africa. The call required
submission of detailed proposals, ensuring genuine
demand from partners in the South, and supporting
local institutions to stimulate local development of
capacity needed for long-term monitoring (see also
Collen et al 2008).
The call asked applicants to develop, apply or
improve one ormore biodiversity indicators that should
serve to set a baseline for one or several NBSAP objec-
tives and/or to measure the status of such objectives.
While national-level indicators were preferred, projects
at a sub-national level were also eligible. The steps
promoted under this call to convert policy-relevant
biodiversity data into trends that are communicable to
decisionmakers are described infigure 1 and table 3.
A jury of in-house and external experts selected
four out of nine projects submitted. A fifth selected
project was terminated halfway for administrative rea-
sons, but its results are included here. Table 1 and
Vanhove et al (2017) give an overview of topics and the
type of partners involved.
All four selected countries—Benin, Burundi,
Democratic Republic of the Congo and Morocco—
recently updated their NBSAP and intend to develop
indicators for reporting. To bridge the gap between
data collection by academics and data use by decision-
makers, a ‘tandem’ approach was chosen, in which a
scientific institution (university, government research
centre) collaborates with aNational Focal Point for the
CBDor for theClearingHouseMechanism.
Training, collective restitution and exchange of best
practices inworkshops
Two representatives from the CEBioS programme and
two from each project—one scientist and one deci-
sion-maker—met twice to share best practices and
methodological concerns. An opening workshop in
Brussels, Belgium (September 2015), provided oppor-
tunities to discuss and address expectations, priorities,
methodological concerns and requests from the part-
ner countries. Participants received training on ele-
ments ofMRV and on subjects relevant to the topics of
their projects. Sessions addressed the Global Biodiver-
sity Information Facility (GBIF), indicator develop-
ment, Geographic Information Systems, economic
valuation of ecosystem services, and ethnobiology.
During the closing workshop organized in October
2016 in Cotonou, Benin, participants discussed best
practices, lessons learnt, conclusions and perspectives
after the projects ended. One session also focussed on
communicating with decision-makers, and co-pro-
duced policy briefs (Akouehou et al 2016, Akpona et al
2016, Mayundo et al 2016, Nzigidahera and Haboni-
mana 2016), which were disseminated through fol-
low-up awareness projects in 2018. The Beninese
teams hosting this workshop offered sessions on
additional topics relevant to MRV in general and the
participants’ specific projects, including species dis-
tribution modelling and community-based conserva-
tion. The capacity building components of the call are
summarized in table 2, together with the main
challenges they aim to address. Lessons learnt from the
projects, on the basis of workshop interactions with
project participants are summarized in theDiscussion.
Comparison between projects’methodologies and
international guidelines
The five projects represent different stages of biodiver-
sity indicator development (figure 2). They differ
in choice and prioritization of indicators, scale,
Figure 1.Approach promoted in the call for projects: the case
studies are commonly developed by scientists and decision-
makers to fill the gap between biodiversity data and their use
for policies, strategies and action plans.
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Table 1.Overview of the selected projects onmeasuring, reporting and verification of biodiversity and biodiversity policy (adapted fromVanhove et al 2017).
Country Topic Type of project partners Indicators identified prior to project implementation Scale
A Benin Installing a follow-up system for biodiversity in Benin • Environmental agency
• University laboratory
Not identified prior to project National
B Benin Value chain and traditional knowledge regarding selectedmedicinal
plants in themajor urban centres of Benin
• Environmentalministry
• Forestry research institute
Not identified prior to project Sub-national
C Burundi Indicators for the follow-up of biodiversity trends in Burundi • Environmental agency
• University laboratory
– the size, state and vulnerability of ecosystems and natural habitats
– trends in the influence of unsustainable agricultural practices on species typical to
a natural forest habitat
– trends in distribution, state and sustainability of ecosystem services regarding
humanwell-being
National
D DRCongo Floristic and ethnobotanical investigations on the plants utilized in an
area near the capital
• Environmentalministry
• University laboratory
Not identified prior to project Sub-national
E Morocco Design and implementation of biodiversity indicators as part of the
revisedNational Strategy for Biodiversity
• Environmentalministry
• University laboratory
– the size, state and vulnerability of ecosystems;
– trends in the coverage, state, representativeness and efficiency of approaches







Table 2.Correspondence between theMRVapproach used in the climate change field, the Biodiversity Indicator Development Framework and theMRVapproach used in the present call for projects. Capacity building components of the
call are also summarized, together with themain issues forMRV for biodiversity they aim to address.
MRV and capacity building approach for biodiversity (Vanhove et al 2017)
MRV in the context of climate change (from
Dagnet et al 2014, Singh et al 2016)
Steps of the BIDF framework (see
figure 2, Biodiversity Indicators
Partnership (BIP) 2011) Description (see figure 1)
Main issues forMRV for
biodiversity inAfrica addressed
by the call Capacity building component in the call
‘Measure ormonitor (M) data and information on
emissions,mitigation actions, and support rela-
ted to climate change.’
• Steps 1–5 to determine policy-
relevant data
• 6-gather and review data
Collect policy-relevant data about biodi-
versity drivers, pressures, states,
impacts and responses.
• Lack of biodiversity data in the
tropics
• Lack of evidence-based
reporting
• No sufficient research capa-
cities/poor quality of data
• Novalorization of exist-
ing data.
• `Tandem’ approach (scientists-decision-makers)
enabling decisionmakers to express their needs for
policy-relevant data
• Training aboutfieldmethodologies and the use of
online data sets
‘Report (R) by compiling this information in
inventories and other standardized formats to
make it accessible to a range of users and facil-
itate public disclosure of information.’
• 7-calculate indicators




Turning data into databases, indicators,
trends and communicate them to
decision-makers
• Lack of capacity in database
management
• Poor understanding of the
indicators concept
• Low to no communication
towards decision-making
Training about databasemanagement, indicator
development and communication towards policy-
makers, followed-up by funded awareness projects
to disseminate key results and policy briefs.
‘Verify (V) by periodically subjecting the reported
information to some formof review or analysis
or independent assessment to establish com-
pleteness and reliability.’
• 10-test and refine indicators
• Steps 1–5 can also be seen as ver-
ificationwhen they follow step 10
Review the developed indicators, and
adapt them if appropriate
• Nopermanence and quality
review of developed indicators






development and use of indicators, and level at which
data is collected (local or national).
The quality of the indicators is assessed using cri-
teria identified by the BIP for ‘successful’ indicators,
which are key factors in determining whether an iden-
tified indicator is taken up and produced over time
(Biodiversity Indicators Partnership BIP 2011). The
methodological diversity between projects is analysed
using the Biodiversity Indicator Development Frame-
work (BIDF) developed by the BIP (figure 2), whose
mandate is derived primarily from the CBD and deci-
sions taken by its Parties. As shown in table 2, indica-
tors are at the heart of the MRV approach used in the
climate change field, in the call for projects addressed
in this paper, and the BIDF and strong similarities
exist between these three approaches, which oriented
our choice of using this internationally recognized fra-
mework for our analysis.
The BIDF is promoted globally as methodology to
develop successful biodiversity indicators and is ‘inten-
ded to be used as a guide to better understand what is
involved in producing biodiversity indicators and to
help plan the most appropriate development process
for each situation’ (Biodiversity Indicators Partnership
BIP 2017). It describes ten key steps divided into three
themes to support indicator development.
The first four steps under the ‘purpose’ section
refer to actions needed for selecting successful
indicators. The next four steps are essential to generate
the indicators and fall under the ‘production’ section.
The last theme—‘permanence’—comprises two steps
for ensuring indicator continuity and sustainability
(Biodiversity Indicators Partnership BIP 2011).
Although most project partners had heard of this fra-
mework,most of themonly implemented it partly.We
analyse whether and how each step was taken into
account in each project.
Results
Between two and four indicators were developed per
project, sometimes associated to a set of sub-indicators
(see supplementarymaterial, available online at stacks.
iop.org/ERL/14/035002/mmedia), that address dif-
ferent NBSAP objectives and the corresponding Aichi
targets (table 3). The most common themes are
traditional knowledge, habitat loss reduction, pro-
tected area expansion and the conservation of ecosys-
tems and ecosystem services. The involvement of
different people at each step reflects the level of
stakeholder engagement in the project.
The analysis of the quality of the developed indica-
tors against the BIP criteria for successful indicators,
shows that indicators are rarely ‘based on available
data’, ‘championed’ and ‘used’ (table 4) (see supple-
mentarymaterial for the analysis of each indicator).
Examples of indicators that were fully developed
are provided, along with their interpretation, in
figure 3. The interpretation refers to the relevant
national target or the key-messages for decision
making.
An overview of the flow of each of the five projects
compared against each step of the BIDF is provided in
table 5, as well as the contribution of the CEBioS capa-
city building to the process. Not all steps are applied by
each project, and the order in which they are imple-
mented differ among projects.
Discussion
Developing indicators: a plea formore awareness of
the indicator concept and for stakeholder
involvement
The case studies demonstrate that, even to professional
scientists and policymakers working on biodiversity
monitoring, the concept of ‘indicator’ is insufficiently
understood and applied in a standardized or opera-
tional way. While the small number of funded
projects, and thus the modest number of indicators in
this study, is a limitation, the focus was on the process
of piloting an indicator-based MRV approach rather
than on the resulting indicators. For example, in
view of the above-mentioned challenge of integrating
information across different levels, our participants
found it instructive to bring together teams collecting
data locally with those focusing on country-wide
Figure 2The biodiversity indicator development framework
(adapted fromBiodiversity Indicators Partnership BIP 2011).
It is divided into three themes: purpose (1–4, in red),
production (5–8, in purple) and permanence (9–10, in green).
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Table 3. Indicators developed in each project, their linkswith theAichi biodiversity targets and the objectives of theNational Biodiversity Strategies andAction Plans, and number and profiles of persons involved in the key steps of the
Biodiversity IndicatorDevelopment Framework (A–E corresponds with the projects as listed in table 1).
Project Developed indicators Aichi targets addressed NBSAP objectives addressed
Number and profiles of persons involved in the key steps
of the BIDF
A – Percentage of forest land converted annually to other categories of land use
– Area reforested annually permunicipality
– Scores of Knowledge, Attitudes and Practices
– Coverage of protected areas in percentage of the country area
– 1 (Awareness increased)
– 5 (Habitat loss halved or
reduced)
– 7 (Sustainable agriculture,
aquaculture and forestry)
– 11 (Protected areas
increased and improved)
– 1 (Awareness)
– 4 (Degradation of natural
habitats)
– 6 (Biodiversity in areas for agri-
culture, fisheries, forestry)
– 16 (Restore and safeguard
ecosystems)
– Steps 1–5: 27 representatives from sectoral ministries
related to biodiversity issues, universities, NGOs and
foresters to select the priority objectives and the rele-
vant indicators
B Diversity and vulnerability ofmedicinal plants and associated traditional uses – 14 (Ecosystems and essen-
tial services safeguarded)
– 18 (Traditional knowledge
respected)
– 14 (Traditional knowledge)
– 16 (Restore and safeguard ecosys-
tems providing essential services)
– Five people for implementing the project
– eight people for collecting data
– 43 people interviewed
– 43 people present at the presentation of the results:
researchers, herbalists, sellers ofmedicinal plants, for-
est officers
C A set of indicators to report on– the size, state and vulnerability of ecosystems
andnatural habitats
– trends in the influence of unsustainable agricultural practices on selected
species typical to a natural forest habitat
– trends in distribution, state and sustainability of ecosystem services regard-
ing humanwell-being
– (see supplementarymaterial for all indicators)
– 5 (Habitat loss halved or
reduced)
– 14 (Ecosystems and essen-
tial services safeguarded)
– 5 (Degradation of natural habitats
reduced)
– 7 (Forest ecosystems known and
sustainably used)
– 13 (National biodiversity mon-
itoring system in place)
– 15 (Restore and safeguard ecosys-
tems providing essential services)
– Ten representatives from the University of Burundi,
Ministry of Agriculture andMinistry of Environment
were involved in the openingworkshop and the clos-







Project Developed indicators Aichi targets addressed NBSAP objectives addressed
Number and profiles of persons involved in the key steps
of the BIDF
D The number of non-timber forest products (NTFPs) identified and their use by
local and indigenous communities
– 14 (Ecosystems and essen-
tial services safeguarded)
– 18 (Traditional knowledge
respected)
– 2.1 (Depletion of ecosystems
reduced)
– 9.1 (Traditional knowledge)
– Eight representatives from the University, the Minis-
try of Environment, and the quarter office involved in
steps 5, 6, 8, together with farmers’ associations
– 248 informants interviewed for ethnobotanical sur-
veys (data collection, step 6)
E A set of indicators to report on– the efforts made in the development of the
network of protected areas
– the effectiveness of the creation and management of protected areas (see
supplementarymaterial for all indicators)
– 5 (Habitat loss halved or
reduced)
– 11 (Protected areas
increased and improved)
– A3 (Protected areas increased and
representative)







indicator development. Also, the needs expressed even
in these small projects already aptly illustrate that the
working conditions and availability of skilled people
limit the ability to uptake capacity building and take
advantage of funding for biodiversity monitoring in
developing countries (Danielsen et al 2005). We
cannot agree more with Jones et al (2011) that the
‘constant reinvention of indicators is costly in terms of
time, cost, and public engagement’. To strengthen
capacity for indicator use, indicator development
initiatives and South–South cooperation should be
better promoted (Convention on Biological Diversity
(CBD) 2010). Exchanging good practices between
countries with similar ecosystems or similar contex-
tual challenges (such as governance or the lack of
funding and capacity) enabled the workshop partici-
pants to acquire and use more interoperable and
relevantmethodologies.
Steps 5–9 of the BIDF, referring to the ‘Produc-
tion’ and ‘Permanence’ sections, are implemented by
Figure 3. Selected indicators developed in the projects and their interpretation. (a)Project A (Benin): change in land use between
1995–2006.Overall, natural vegetation areas are reduced and converted to other land use categories. This information enables
calculating the indicator ‘Percentage of forestland annually converted to other categories of land use’ related to the objective of
reducing the degradation of natural habitats (data source: Sinsin andKampann 2010). (b)Project C (Burundi): trend of themarsh area
of Burundi from2000–2014. Considering the government’s forecast to exploit 8000 ha ofmarshes per year, it was projected that in
two years all themarsheswill be put into cultivation. The policy brief calls for action to take strictmeasures to protectall remaining
marshes andwetlands. (c)Project D (DRCongo): repartition of non-timber forest products (NTFPs) by habitat type and use in
Nguma quarter,Maluku, Kinshasa.Most of them are collected in villages. (d)Project E (Morocco): cumulative area of terrestrial
national parks (km²) inMorocco and percentage of natural ecosystems covered. The national objective is to reach 17% in 2024, which
is planned to be achieved by designating 25 new sites of biological and ecological interest.
Table 4.Assessment of each project based on the key factors determined by the BIP for ‘successful indicators’. Each indicator developed by
the projects is analysed in the supplementarymaterial; the data here shows themajority obtained per project for each criterion (++: fulfils
















sible for the indicator Used
A ++ + + ++ + = +
B = - += + += - -
C ++ = ++ + + - +
D = - = + = - -
E + = + + + - +=
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Table 5. Summary of the inclusion of the BIDF key steps in each project and the contribution of theCEBioS capacity building to the process. The framework is separated into three themes (see figure 2): purpose (actions needed for selecting
successful indicators), production (essential stages for indicator development), permanence (mechanisms for ensuring indicator continuity and sustainability) (Biodiversity Indicators Partnership BIP 2011).
Theme Key step of the BIDF
A-Benin Installing a follow-up
system for biodiversity in Benin
B-BeninValue chain and
traditional knowledge regarding
selectedmedicinal plants in the
major urban centres of Benin
C-Burundi Indicators for the








indicators as part of the revised
National Strategy for Biodiversity





ministries related to biodi-
versity issues, universities,
NGOs and foresters to select
the priority objectives and the
relevant indicators (steps 1–5)
(key results, see supplemen-
tarymaterial).
Around 40 stakeholders present at
the presentation of the results:
researchers, herbalists, sellers of
medicinal plants, forest officers.
They did not directly contribute
to the other steps of indicator
development.
Workshopwith key informants to
analyse themain ecosystems for
which the trends are important
for the country (after step 2).
Identification but no consulta-
tion of stakeholders inter-
ested in traditional
knowledge (local commu-
nities as knowledge holders)
and users of data (scientists
and competent authorities).
Identification of the stakeholders
that could be interested by the
indicator, after steps 2 and 5
were implemented.However,





Selection of 5 priority NBSAP
objectives.
— Objectives selected before the
other steps, whilewriting the
project.
Choice of the national objec-
tives that address traditional
knowledge (because of
expertise of the researcher in
thisfield) and for which data
are available or can be
collected.
The selection of the objective was a
first step to answer the following
criteria: focus of the call, avail-






For each priority objective, key
questionswere stated.
— Key questions determined during
theworkshop.
Three key questions uni-
laterally developed by the





For each priority objective, a
conceptualmodel was sket-
ched by the participants
— — — —
Capacity building contribution: The openingworkshop organized byCEBioS gathered all projects representatives and included training sessions about indicators production, especially finetuning the identified possible
indicators (step 5), and collecting, processing and organizing data in suitable databases (step 6) for indicator calculation (step 7).
Production 5. Identify possible
indicators
For each priority objective, three
indicators were selected. A
scoring of the 15 indicators
endedwith the fourmost rele-
vant indicators (criteria: cost,
The indicators were identified in
parallel to step 6 and based on
collected data.
Indicators collectively selected
during theworkshop. For each
indicator, a set of sub-indicators
was selected (see supplementary
material).
Unilaterally developed by the
researchers based on
research subject and data to
be collected. Five indicators
were proposed to address key
Selection of a set of indicators
based on available data, and to








Theme Key step of the BIDF
A-Benin Installing a follow-up
system for biodiversity in Benin
B-BeninValue chain and
traditional knowledge regarding
selectedmedicinal plants in the
major urban centres of Benin
C-Burundi Indicators for the








indicators as part of the revised
National Strategy for Biodiversity
budget availability, availability
of data over time, data relia-
bility, availability of expertise)
questions. Themost feasible
indicator was selected for the





imagery, statistics from the
NationalOffice forWood,
data from a national survey
and consultation of official
documents.
Surveys inmainmarkets of the
country about plant species
used,medicinal applications,
plant organs used.
Identification of the nature and
sources of existing data during
theworkshop.Gathering of
existing data into time series
(maps, satellite imagery, pro-
tected areas coverage, list of spe-
cies delivering ecosystem
services).










oped in the reference sheet of
each indicator (see step 9 and
supplementarymaterial).
Vulnerability index calculation,
diversity of used species,map-
ping of raremedicinal plants.
A set of indicators to report on (1)
size, state and vulnerability of
ecosystems and natural habitats;
(2) trends in the influence of
unsustainable agricultural prac-
tices on species typical to a nat-
ural forest habitat;(3) trends in
distribution, state and sustain-
ability of ecosystem services (see
supplementarymaterial for all
indicators).
The number ofNTFPs identi-
fied and their use by local
and indigenous
communities.
Trends in coverage, condition,
representativeness and effec-
tiveness of protected areas and
other local actions, represented
by a set of indicators (see sup-
plementarymaterial).
Capacity building contribution: The closingworkshop organized byCEBioS and gathering all project representatives included training and brainstorming sessions about the best way to communicate indicators, leading to
the co-production of policy briefs and the development of their dissemination strategies. Follow-up awareness projects were supported byCEBioS to disseminate key-results and produced policy briefs.
8. Communicate and
interpret indicators
Information detailed in the
reference sheet of each indi-
cator (see step 9) about: (1)
representation type suggested,
(2) possible significance of the
trends, (3) publishing
Value chain of the twomost fre-
quently sold species considering




Graphs showing the trends in spe-
cies and ecosystems, distribu-
tionmaps. Communicated
through accessible leaflets and
policy briefs with the keymes-
sage ‘Worrying trend of
Policy brief showing the results
of the study.
Each sub-indicator is presented in







Theme Key step of the BIDF
A-Benin Installing a follow-up
system for biodiversity in Benin
B-BeninValue chain and
traditional knowledge regarding
selectedmedicinal plants in the
major urban centres of Benin
C-Burundi Indicators for the








indicators as part of the revised
National Strategy for Biodiversity
frequency, (4) users ofmon-
itoring results. The indicators
were communicated through
a policy brief.
at the beginning and end of the
project, to communicate its
objectives and results. A policy
brief presents the results of the
study.
biodiversity degradation. Call to
decision-makers to reverse the
situation’, illustratedwith
graphs and numbers, and giving
policy recommendations.
Capacity building contribution: The closingworkshop organized byCEBioS and gathering all project representatives included a general reflexion about the best way to developmonitoring and reporting systems for the




Operationalization of the selec-
ted indicators through indi-
cator reference sheets to guide
and support indicator devel-
opment and their ongoing
production (see supplemen-
tarymaterial for an example).
Training of key actors for col-
lecting data. A policy brief
summarizes the selected indi-
cators and the content of the
reference sheets, and recom-
mends their inclusion in exist-
ingmonitoring processes.
A policy brief gives recommenda-
tions for the creation of a
national structure for future
reporting about traditional
knowledge, for the follow-up of
the value chains and the inclu-
sion of all concerned actors.
A databasewas created for the con-
tinuous updating of data. It con-
tains allfigures gathered in the
form of time series and graphs
for three categories: species, eco-
systems, protected areas.Maps
are also centralized. The activity
of continuously updating the
database was integrated in exist-
ing national biodiversitymon-
itoring. The indicators will be
included in future biodiversity
reports.
A reference sheet for the indi-
cator was developed using
the BIP fact sheetmodel.
An information sheet for the indi-
catorwas developed using the
BIP fact sheetmodel.




in the indicator reference










all projects, which can be related to the fact that they
correspond to the ‘M’ (measure or monitor) and ‘R’
(report) aspects of the capacity building process (see
table 2). Through these steps, indicators are produced
and communicated, but do not necessarily fulfil the
requirements for a ‘successful’ indicator. Most pro-
jects failed to meet the criteria ‘based on available
data’, ‘championed’ and ‘used’ (table 4); possible rea-
sons are further investigated in the discussion.
Indicators should also be purpose-dependent;
hence their development or selection should start with
identifying the issue or policy need concerned (Biodi-
versity Indicators Partnership (BIP) 2011, figure 2).
Therefore, the first BIDF steps, corresponding to the
‘Purpose’ area, increase stakeholder involvement—
and consequently ownership—and sustainability of
the indicators. In Benin, the existing framework for
stakeholder dialogue on biodiversity issues was an
asset for project A to prioritize objectives and indica-
tors in a participatory, multidisciplinary approach. It
enabled the development of a strategy for gathering
available and new data. These stakeholders must be
involved throughout the process as they are crucial for
data mobilisation, including localizing and accessing
existing information, and assessing data reliability.
They are key in prioritizing indicators, as the lack of
data, funds and capacity may mean a limited number
of indicators can actually be used in NBSAP reporting,
as illustrated in the prioritizationmethodology of pro-
ject A. As a result, three of the developed indicators
under project A were included in the Beninese NBSAP
and will be used in national reporting. Likewise, it is
the only project to have developed indicators that are
positively assessed for the ‘championed’ criterion (see
supplementary material). Conversely, in projects C
and E, stakeholders were involved at a point when the
indicators were already defined, thereby limiting their
effective use for reporting. This again illustrates the
importance of the order of steps and the involvement
of stakeholders from different sectors and back-
grounds. This approach reflects field reality, data avail-
ability and policy needs and promotes cost-efficiency,
investment in positive outcomes, and validity of indi-
cators (e.g. Gemmill and Bamidele-Izu 2002, Daniel-
sen et al 2007, Soberon and Sarukhan 2009, Torres and
Skutsch 2015,McCall et al 2016).
Creative solutions for data availability and
accessibility
When asked about the key steps identified in their
MRV approach, responses vary between the project
teams. The above-mentioned emphasis on prioritiza-
tion of targets and indicators was echoed by projects A,
D and E. Conversely, project C underlined the
importance of gathering quantitative, reliable and
comprehensive data, while project B also stressed that
the development of amethodology for data processing
is crucial. This reflects the weight that many projects
give to acquiring new data. It also reflects substantial
gaps in (existing) data availability and accessibility in
the South (Chambers et al 2017), as demonstrated by
the poor results for the ‘based on available data’ BIP
criterium for most developed indicators (table 4).
Moreover, data may be of insufficient quality (weak
sampling design and methodology), badly processed
or interpreted, presented in a user-unfriendly format
or insufficiently harmonized, rendering replication
and comparison difficult and time-consuming
(Costello et al 2013, Stephenson et al 2017). Therefore,
scientific capacity—resources or skills—for data col-
lection and processing is essential and should be
continuously supported, as under this CEBioS
programme.
The lack of data for certain indicators forced some
projects towards indicators for which data exist. For
example, for the indicators aiming at measuring the
effectiveness of protected areas management of pro-
ject E, many parameters were required to ensure a sci-
entifically sound indicator that is responsive to the
issue of interest—twomain BIP criteria for ‘successful’
indicators. However, data on total species richness,
habitat cover or total vegetation cover were missing
(see supplementary material), although they are cru-
cial to assess the ecological performance of these areas,
in terms of representation and maintenance of key
biodiversity features and hence ecosystem services
(Gaston et al 2008). Indicators had to be built using
parameters for which quantitative data are available:
trends in the coverage of protected areas and some
selected conservation actions. The same happened for
project C, where the focus on marshes and wetlands
was driven by the availability of data; savannahs and
Lake Tanganyika and surroundings were excluded
because of data scarcity. It is hence clear that, often,
feasible indicators will not align with the (often top-
down) priority needs identified by authorities or other
stakeholders.
Considerable information gaps may already be
resolved through existing data collection efforts
(Geijzendorffer et al 2016) and sources of biodiversity
data, such as herbaria or other collections (Greve et al
2016), grey literature or environmental impact assess-
ments (Hugé et al 2017), and tapping into currently
underused information providers. Citizen scientists
(including indigenous communities), observations by
tourists (Pimm et al 2015), and paraecologists can
greatly improve the flowof biodiversity information to
all users, from local stakeholders to the academic
realm (Schmiedel et al 2016, Schmeller et al 2017).
Establishing a baseline based on historical data allows
to detect subsequent trends, as was the case in projects
A, C and E. Therefore, for the subsequent MRV call,
which focused on the DR Congo only, we decided to
capitalize on existing data, rather than collect new
information (Vanhove et al 2017).
There are a number of global initiatives to provide
access to data (e.g. World Database on Protected
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Areas, Integrated Biodiversity Assessment Tool or the
GBIF) but these resources are often poorly known and
not easily discoverable or available in the global South
(in particular where English is not widely used). Apart
from language, capacity for database management,
software availability and internet connection quality
are barriers for the use of such databases or tools at the
national level. Despite being promoted during the
opening capacity building workshop, only one project
(project E) used such databases. Efforts should be
made to harmonize these existing databases and com-
municate about them and their relevance/applic-
ability for national monitoring and to lower access
thresholds by promoting technology transfer through
easy and user-friendly tools accessible to a wide range
of users.
The BON (Biodiversity Observation Networks)
concept developed by the GEO BON network pro-
motes networks which may be regional, thematic or
national; they engage in harmonized and interoper-
able biodiversity monitoring and in making biodi-
versity data and data products publicly available
(Group on Earth Observation (GEO BON) 2017a).
Such networks should be developed keeping in mind
the policy priorities of the countries and international
bodies involved, so that their observations contribute
to management, conservation and sustainable use of
biodiversity and ecosystem services (see Walters and
Scholes 2017). There are no such BONs in Africa so far
andwewould strongly recommend their creation.
Opportunities at the science-policy interface and the
challenge of permanence
Unequivocally, all project participants stressed the
need to repeat monitoring over time, becoming a
permanent process. Assessments of biodiversity and
ecosystem services are often too costly to be sustained
once project funding ends in developing countries
(Danielsen et al 2003; Schmeller et al 2017) and
elsewhere (Watson and Novelly 2004). Hence, they do
not become established monitoring, nor do they
inform on policy-relevant trends. This may be a
challenge for our projects funded for a single year.
However, the influence of local research funding
should not be underestimated, nor should the impor-
tance of funding for data mobilization over funding
for research leading to peer-reviewed output (Meyer
et al 2015). A solution may be locally-based monitor-
ing. This has been demonstrated to be sustainable in
developing countries after foreign funding ceases,
although external input for capacity building or data
analysis remains beneficial (Danielsen et al 2005).
Several recommendations that also emerged from our
MRV workshops, such as institutionalization across
different levels of governance, and involvement of
local communities, are known to contribute to the
sustainability of monitoring schemes (Danielsen et al
2005).
Producing indicator reference sheets following the
BIP model, as most projects did, is an important tool
to guide and support the development and use of indi-
cators. However, to ensure permanence, monitoring
should be included in governance and management
structures, (national) plans and strategies. Monitoring
results need to be integrated and centralized in a har-
monized database to encourage continuous collection
and processing of data, and its development should
involve both researchers collecting and aggregating
data, and policymakers. The lack of an efficient and
well-established national coordinating structure that
is responsible for coordinating national biodiversity
indicators (Bubb 2013) was emphasized by all partici-
pants (see table 4: ‘Championed by an institution
responsible for the indicator’ and consequently the
‘used’ BIP criterion). Most indicator development
projects in these countries are sporadically supported
by international donors for short periods and no local
institution is responsible for the indicator’s continued
production and communication. For example, the
indicator ‘Percentage of forest land annually con-
verted to other categories of land use’ developed by
project A (figure 3(a)) was selected during the indi-
cator prioritisation process but was not integrated into
annual monitoring and evaluation systems of the
Beninese forestry department. During the last 12
years, this department was ‘housed’within four differ-
ent ministries. Consequently, the indicator was not
standardized and data collection was neither systema-
tic nor mandatory, which led to a data gap from 2006
to 2016.More awareness and lobbying to integrate this
indicator systematically into the monitoring and eva-
luation system of the ministry responsible for forests
should improve data availability in the future. Simi-
larly, whereas the quality of technical capacities
seemed less of a problem, administrative capacity
and good governance and management related to
MRV was shown to be more problematic for most
REDD+countries, requiring capacity building for a
wide range of actors (Ochieng et al 2016).
Continuously updating biodiversity indicators
obviously presents a financial challenge that poses a
threat to the permanence of these monitoring initia-
tives. However, networking and gap-filling between
existing initiatives is much more cost-efficient than
setting up new structures. Agreements between gov-
ernment agencies, NGOs, academic institutions and
even the private sector can fulfil many roles related to
the collection of data, calculation of indicators, and
their communication to users (Scholes et al 2008,
Bubb 2013). Whether new entities are created or not,
scattered, unharmonized data and lack of collabora-
tion across governance levels have been identified as
major obstacles to national MRV systems in a carbon
context, where information flow across levels is crucial
(Korhonen-Kurki et al 2013).
The capacity development model elaborated by
CEBioS stimulates and facilitates collaboration
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between scientists and policymakers (Vanhove et al
2017), hence between entities that often evolve and
work independently. It can be seen as an action
research component: ‘a learning process between sta-
keholders to understand the problems at stake, each
other’s roles, the policies and mandates and the access
to information’ (Janssens de Bisthoven 2015). This
contributes to ‘decompartmentalisation’ of different
types of actors and of different levels (Ubels et al 2010),
which is essential for mainstreaming biodiversity
information into decision-making (Stephenson et al
2017). Participants positively evaluated their interac-
tions, and the better understanding of each other’s
expectations and role in the process. They also identi-
fied additional positive outcomes, such as the joint
exploration of available data: their potential, where to
find them and who can work with them. The involve-
ment of scientific institutes ensured the use of quanti-
tative data, collected in a scientifically sound way.
Therefore, participants felt that the chosen priorities
and the ensuing co-produced policy briefs calling pol-
icymakers to action had received scientific legitimacy.
Policy briefs may serve as knowledge-brokering
tools or ‘digests’ to address issues of biodiversity and
other topics related to sustainable development. Ide-
ally, key results and recommendations should be pre-
sented orally, accompanied by the policy brief.
Designing policy briefs requires an understanding of
the audience’s needs, and a personal engagement
between policymakers and scientists (Balian et al
2016). Policy briefs are indeed a co-produced output
of joint prioritization exercises of scientists and policy-
makers (Sutherland et al 2011). Such a joint project
may reconcile academic and policy motivations
(Young et al 2014), ensure shared ownership, and
make the application of results in the policy realm
more likely (Sutherland et al 2011). It is therefore
unsurprising that the ‘tandem’ approach of our capa-
city development concept proved particularly reward-
ing to participants, as it provides a basis for long-term
dialogue at the science-policy interface. In this way,
our capacity building contributes to two of the ‘core
capabilities’ that, according to the European Centre
for Development Policy Management, come with
effective capacity: the capability to relate, and to
achieve coherence (Ubels et al 2010). Therefore, it
would be commendable for funding agencies to sti-
mulate this (Neßhöver et al 2013) by specifically and
systematically allocating funds to the identification
and formulation of monitoring projects together with
stakeholders from the policy-side. Project E is an
example that seems very relevant to NBSAP reporting
and monitoring but that could not apply any of the
‘purpose’ steps due to the lack of funding, hence it
could not involve stakeholders in the process, risking
that Moroccan national reporting on protected areas
will not consider its results.
Participants stressed that indicators should not be
the only focus of messages to policymakers. Other
useful communication tools that they identified are
the economic valuation of ecosystem services or the
use of scenarios, projections and models to simulate
the impact of future policies (e.g. Visconti et al 2016,
Kubiszewski et al 2017). For example, regarding the
use of scenarios related to biodiversity and ecosystem
services in policy planning in Africa, there is a clear
lack of capacity and of inter-African knowledge trans-
fer (Biggs et al 2018). Another reason to not only focus
on indicators is the notion that progress towards cer-
tain Aichi Targets is not purely hampered by a lack of
quantifiable data, but rather by institutional chal-
lenges, namely the mismatch with existing commit-
ments. This is the case e.g. for targets related to access
and benefit sharing (Hagerman and Pelai 2016). In this
respect, projects B and D explicitly focused on tradi-
tional knowledge, and hence bridged the local level of
data acquisition in this field with national indicator
development. Such subnational projects have indeed
been proposed, for MRV in a REDD+context, to
serve as case studies for a more participatory approach
that also considers social impact (Korhonen-Kurki
et al 2013). The poor coverage of the BIP criteria
(table 4) by the indicators developed under project B
and C also reflects that indicators are not always the
best suited tools to address specific questions. The
weak ‘scientific validity’ of the indicators indeed refers
to the lack of widely accepted scientific knowledge and
understanding of traditional knowledge (see also Her-
nández-Morcillo et al 2013, for an overview of the dif-
ficulties surrounding indicators for cultural ecosystem
services and the importance of involving stake-
holders). These projects call for authorities to set up
structures to access scientifically sound information
on the sustainable exploitation of plants and to play a
role in training in and conservation of related tradi-
tional knowledge. This illustrates the importance of
better communication between scientists and policy-
makers in this field. The approach taken by Burundi,
where a formal agreement between the scientific com-
munity and traditional practitioners was reached
regarding access and benefit sharing, may serve as a
pioneering example of best practice (Janssens de Bis-
thoven et al 2017).
Conclusions and perspectives
Within the methodology for indicator development in
the South, through our pilot projects we identified
data availability and, probably even more important,
data accessibility, together with the involvement of
stakeholders, as critical steps. Indeed, while we agree
with Wilson et al (2016) that certain countries in the
South, and even more their researchers, are under-
represented in research and policy, our case studies
demonstrate that numerous and diverse scientific
(monitoring) activities exist, but are unfortunately
poorly accessible, visible or harmonized. Moreover, at
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a more basic level, there is a need for a better
understanding and awider application of the indicator
concept itself.
Various recent capacity development initiatives are
being developed to assist governments in developing
more effective and timely biodiversity monitoring and
policy responses, e.g. ‘BON in a Box’ (Proença et al
2017, Group on Earth Observation (GEO BON)
2017b). Our MRV pilot programme demonstrated the
need to step up capacity development, to initiate an
indicator-based approach and to sustain long-term
monitoring. This fits into the trend of focusing on pol-
icy-relevant biodiversity monitoring when setting up
newcapacity building programmes in theGlobal South.
Of the main existing schemes of biodiversity data col-
lection sensu Proença et al (2017), our MRV projects
seem closest to the ‘intensivemonitoring programmes’,
with capacity building focusing on professional devel-
opment. In this scheme, Schmeller et al (2017) highlight
the importance of transferring technical expertise and
strengthening institutions. It was clear from the onset
that our participants valued training, especially in
ground-truthing, economic valuation of ecosystem ser-
vices, the indicator concept in itself, and a variety of
information technologies to collect, access and share
data (Vanhove et al 2017). Given limited resources to
initiate capacity building in biodiversity monitoring,
identifying local and topical priorities relevant to biodi-
versity policy instruments together with national gov-
ernments, is a way to increase impact and sustainability
(Henle et al 2013, Schmeller et al 2017). With ourMRV
approach, we subscribe to this approach. We recom-
mend that in future capacity development efforts, the
perspectives that we identified from an African view-
point, in particular the demonstrated potential of colla-
boration between scientists and policymakers, and the
South–South collaboration and South ownership, be
promoted. Adopting this approach would necessitate
changes in information flow, incentives and structures
across multiple scales at the institutional level and
including policy and funding agencies. Therefore, we
propose that setting up a biodiversity MRV system
could foster wider transformational changes in biodi-
versity governance, as has been suggested in a REDD
+context (Korhonen-Kurki et al 2013).
Acknowledgments
Sincere gratitude goes to A De Kesel, S Dessein,
A Heughebaert, T Huyse, P Lejeune, F Malaisse and
N Witters for their participation and contributions to
the 2015 MRV opening workshop and to M Agarad,
H de Koeijer, H Keunen, Y Loufa, F Muhashy
Habiyaremye, M-L Susini Ondafe, S Van den Bossche,
V Pinton, E Verheyen and K Vrancken for their input
in developing and executing the MRV program. This
work was supported by the Belgian Directorate-
General for Development Cooperation and
Humanitarian Aid (CEBioS program). Two anon-












AkouehouG, Legba S I andOrouMA2016Connaissances
Traditionnelles et Ressources Génétiques Assocciées—Défis
Pour une ConservationDurable de la Biodiversité au Bénin
(CEBioS policy brief 3, Brussels, p 4) (http://biodiv.be/
cebios2/docs/publications/policy-briefs/mrv-call-
2015/trad)
AkponaAH,DjagounCAMS, Akpona T JD, IdohouR and
Glèglè Kakaï R 2016Quels Indicateurs pour le Suivi Efficace de
la Biodiversité au Bénin?(CEBioS policy brief 1, Brussels, p 4)
(http://biodiv.be/cebios2/docs/publications/policy-
briefs/mrv-call-2015/ind-benin) (Accessed: 21 Febru-
ary 2018)
Balian EV,Drius L, EggermontH, Livoreil B, VandewalleM,
Vandewoestjine S,WittmerH andYoung J 2016 Supporting
evidence-based policy on biodiversity and ecosystem services:
recommendations for effective policy briefs Evidence Policy
12 431–51
Biggs R et al 2018Current and future interactions between nature
and societyThe IPBES Regional Assessment Report on
Biodiversity and Ecosystem Services for Africa ed EArcher,
LDziba, K JMulongoy,MAMaoela andMWalters (Bonn:
Secretariat of the Intergovernmental Science-Policy Platform
onBiodiversity and Ecosystem services) (accepted)
Biodiversity Indicators Partnership (BIP) 2011Guidance for
National Biodiversity Indicator Development andUse
(Cambridge: UNEPWorldConservationMonitoring Centre)
p 40




BubbP 2013 Scaling up or down? Linking global and national
biodiversity indicators and reporting. Biodiversity
monitoring and conservationBiodiversityMonitoring and
Conservation (NewYork:Wiley) pp 402–20
BubbP, Chenery A and Stanwell-SmithD 2010Biodiversity
Indicators Capacity Strengthening: Experiences fromAfrica
(Cambridge: UNEPWorldConservationMonitoring Centre)
p 18
Ceballos G, Ehrlich PR andDirzoR 2017 Biological annihilation via
the ongoing sixthmass extinction signaled by vertebrate
population losses and declines Proc. Natl Acad. Sci. 114
E6089–96
CEBioS (Capacities for Biodiversity and SustainableDevelopment)
2018Call for theMeasurement, Reporting andVerification
(MRV) of Policy Choices andActivities Linked to Biodiversity
and Ecosystem Services (http://biodiv.be/cebios2/calls/
mrv-calls/2015-call) (Accessed: 1 January 2018)
CeperleyN,Montagnini F andNatta A 2010 Significance of sacred
sites for riparian forest conservation inCentral BeninBois
For. Trop. 303 5–23
16
Environ. Res. Lett. 14 (2019) 035002
Chambers L E, Barnard P, Poloczanska E S,Hobday A J,
KeatleyMR,AllsoppN andUnderhill LG 2017 Southern
hemisphere biodiversity and global change: data gaps and
strategiesAust. Ecol. 42 20–30
Collen B, RamM,ZaminT andMcRae L 2008The tropical
biodiversity data gap: addressing disparity in global
monitoringTrop. Conserv. Sci. 1 75–88
Convention onBiological Diversity (CBD) 2010Multi-Year Plan of
Action for South-South Cooperation on Biodiversity for
Development (https://cbd.int/ssc/mypa/default.shtml)
(Accessed: 5March 2018)
Convention onBiological Diversity (CBD) 2017 Strategic Plan
Indicators (https://cbd.int/sp/indicators) (Accessed: 31
March 2017)
CostelloM J,MichenerWK,GaheganM,Zhang Z-Q and
Bourne P E 2013 Biodiversity data should be published, cited,
and peer reviewedTrends Ecol. Evol. 28 454–61
Dagnet Y, Fei T, Elliott C andQiu Y 2014 Improving Transparency
andAccountability in the Post-2020 Climate Regime: A Fair
Way Forward (Washington,DC:World Resources Institute)
ACT2015Working Papers (www.wri.org/our-work/
project/act-2015/publications)
Danielsen F, BurgessND andBalmfordA 2005Monitoringmatters:
examining the potential of locally-based approaches
Biodivers. Conserv. 14 2507–42
Danielsen F,MendozaMM,Alviola P, BaleteD S, EnghoffM,
PoulsenMKand JensenAE 2003 Biodiversitymonitoring in
developing countries: what are we trying to achieve?Oryx 37
407–9
Danielsen F,MendozaMM,Tagtag A, Alviola PA, BaleteD S,
JensenAE, EnghoffM and PoulsenMK2007 Increasing
conservationmanagement action by involving local people in
natural resourcemonitoringAmbio 36 566–70
GastonK J, Jackson S F, Cantú-Salazar L andCruz-PiñónG 2008
The ecological performance of protected areasAnnu. Rev.
Ecol. Evol. Syst. 39 93–113
Geijzendorffer I R et al 2016 Bridging the gap between biodiversity
data and policy reporting needs: an essential biodiversity
variables perspective J. Appl. Ecol. 53 1341–50
Geijzendorffer I R, CordA F,Martín-López B,Guerra C,
Cohen-ShachamE andCramerW2017 Ecosystem services in
global sustainability policies Environ. Sci. Policy 74 40–8
Gemmill B andBamidele-IzuA 2002The role ofNGOs and civil
society in global environmental governanceGlobal
Environmental Governance: Options&Opportunities ed
DEsty andM Ivanova (NewHaven: Yale School of Forestry
and Environmental Studies) pp 77–100
GreveM, Lykke AM, FaggCW,Gereau RE, Lewis GP,Marchant R,
Marshall AR,Ndayishimiye J, Bogaert J and Svenning J-C
2016Realising the potential of herbarium records for
conservation biology S. Afr. J. Bot. 105 317–23
Group on EarthObservation (GEOBON) 2017aGEOBON
Implementation Plan 2017–2020 (version 1.3) (Leipzig: Group
onEarthObservations BiodiversityObservationNetwork
Secretariat) p 101
Group on EarthObservation (GEOBON) 2017bBON in aBox—
Improving Capacity for Biodiversity Conservation (https://
boninabox.geobon.org) (Accessed: 10October 2017)
Hagerman SMandPelai R 2016 ‘As far as possible and as
appropriate’: implementing the aichi biodiversity targets
Conserv. Lett. 9 469–78
HanX, Josse C, YoungB E, Smyth R L,HamiltonHHand
Bowles-NewarkN2017Monitoring national conservation
progress with indicators derived fromglobal and national
datasetsBiol. Cons. 213 325–34
HanX et al 2014A biodiversity indicators dashboard: addressing
challenges tomonitoring progress towards the aichi
biodiversity targets using disaggregated global dataPLoSOne
9 e112046
Henle K, BauchB, AuliyaM,KülvikM, Pe’erG, Schmeller D S and
Framstad E 2013 Priorities for biodiversitymonitoring in
Europe: a review of supranational policies and a novel scheme
for integrative prioritization Ecol. Indic. 33 5–18
Hernández-MorcilloM, Plieninger T andBieling C 2013An
empirical review of cultural ecosystem service indicators Ecol.
Indic. 29 434–44
Hugé J, Rochette A-J, Janssens de Bisthoven L,Dahdouh-Guebas F,
KoedamNandVanhoveMPM2017Utilitarian framings of
biodiversity shape environmental impact assessment in
development cooperationEnviron. Sci. Policy 75 91–102
Janssens de Bisthoven L 2015Book review: Capacity Development in
Practice (2010) ed JUbels, NAAcquaye-Baddoo and





traditional knowledge to scientists inBurundi,mediated by
ministries of environment andhealthEuropeanConference of
Tropical Ecology: (re)connectingTropicalBiodiversity in Space
andTime ed JMigliore andKCSKuhlmann (Brussels: The
Society forTropical Ecology)p141
Jones J PG et al 2011Thewhy, what, and how of global biodiversity
indicators beyond the 2010 targetConserv. Biol. 25 450–7
Joppa LN et al 2016 Filling in biodiversity threat gaps Science 352
416–8
deKlerkHMandBuchananG2017Remote sensing training in
African conservationRemote Sens. Ecol. Conserv. 3 7–20
Korhonen-Kurki K, BrockhausM,Duchelle A, Atmadja S,
Thuy PT and Schofield L 2013Multiple levels andmultiple
challenges formeasurement, reporting and verification of
REDD Int. J. Commons 7 344–66
Kubiszewski I, Costanza R, Anderson S and Sutton P 2017The
future value of ecosystem services: Global scenarios and
national implications Ecosyst. Serv. 26 289–301
MayundoKB, Toirambe BB and Lukoki L F 2016Vers la
Valorization des Connaissances Traditionnelles des
Communautés Locales et Autochtones en RDCongo (CEBioS
policy brief 4, Brussels, p 4) (http://biodiv.be/cebios2/docs/
publications/policy-briefs/mrv-call-2015/rdc) (Accessed:
21 February 2018)
McCallMK,ChutzN and SkutschM2016Moving frommeasuring,
reporting, verification (MRV) of forest carbon to community
mapping,measuring,monitoring (MMM): perspectives from
MexicoPLoSOne 11 e0146038
Meyer C, KreftH,Guralnick R and JetzW2015Global priorities for
an effective information basis of biodiversity distributions
Nat. Commun. 6 8221
Mihoub J-B,HenleK,TiteuxN,Brotons L, BrummittNAand
SchmellerD S 2017 Setting temporal baselines for biodiversity:
the limits of availablemonitoringdata for capturing the full
impact of anthropogenic pressures Sci. Rep.7 41591
Neßhöver C, Timaeus J,WittmerH,Krieg A,GeamanaN,
van denHove S, Young J andWatt A 2013 Improving the
science-policy interface of biodiversity research projectsGaia
22 99–103
Nzigidahera B andHabonimana B 2016Tendance Inquiétante de la
Dégradation de la Biodiversité: Appel auxDécideurs pour
Inverser la Situation (Burundi) (CEBioS policy brief 2,
Brussels, p 4) (http://biodiv.be/cebios2/docs/publications/
policy-briefs/mrv-call-2015/burundi)
Ochieng RM,Visseren-Hamakers I J, Arts B, BrockhausMand
HeroldM2016 Institutional effectiveness of REDD+MRV:
countries progress in implementing technical guidelines and
good governance requirements Environ. Sci. Policy 61 42–52
PimmSL, Alibhai S, Bergl R,DehganA,Giri C, Jewell Z, Joppa L,
Kays R and Loarie S 2015 Emerging technologies to conserve
biodiversityTrends Ecol. Evol. 30 685–96
ProençaV et al 2017Global biodiversitymonitoring: fromdata
sources to essential biodiversity variablesBiol. Cons. 213
256–63
Schmeller D S et al 2017 Building capacity in biodiversity
monitoring at the global scaleBiodivers. Conserv. 26 2765–90
Schmiedel U et al 2016Contributions of paraecologists and
parataxonomists to research, conservation, and social
developmentConserv. Biol. 30 506–19
17
Environ. Res. Lett. 14 (2019) 035002
Scholes R J,MaceGM, TurnerW,Geller GN, JürgensN,
Larigauderie A,MuchoneyD,Walther BA andMooneyHA
2008Toward a global biodiversity observing system Science
321 1044–5
SinghN, Finnegan J and LevinK 2016MRV101:Understanding
measurement, reporting, and verification of climate change
mitigation (World Resources Institute) (working paper )
(www.wri.org/mrv101) (Accessed: 28October 2018)
Sinsin B andKampmannD2010 BIOTAAFRICA (PROJECT)Atlas
de la Biodiversité de l’Afrique de l’Ouest=Biodiversity atlas of
West Africa ed B Sinsin andDKampmann vol 1 (Cotonou
(Benin): BIOTA)
Soberon JMand Sarukhan J K 2009Anewmechanism for science-
policy transfer and biodiversity governance?Environ.
Conserv. 36 265–7
Stephenson P J et al 2017Unblocking theflowof biodiversity data
for decision-making inAfricaBiol. Cons. 213 335–40
SutherlandW J, Fleishman E,MasciaMB, Pretty J andRuddMA
2011Methods for collaboratively identifying research
priorities and emerging issues in science and policyMethods
Ecol. Evol. 2 238–47
TilmanD,ClarkM,WilliamsDR,Kimmel K, Polasky S and
Packer C 2017 Future threats to biodiversity and pathways to
their preventionNature 546 73–81
Torres AB and SkutschM2015 Special issue: the potential role for
communitymonitoring inMRVand in benefit sharing in
REDD Forests 6 244–51
Ubels J, Acquaye-BaddooN-A and Fowler A 2010Capacity
Development in Practice ed JUbels, N-AAcquaye-Baddoo and
AFowler (London: Earthscan publishing for a sustainable
future)
VanhoveMPM,Rochette A-J and Janssens de Bisthoven L 2017
Joining science and policy in capacity development for
monitoring progress towards theAichi Biodiversity Targets
in the global SouthEcol. Indic. 73 694–7
Visconti P et al 2016 Projecting global biodiversity indicators under
future development scenariosConserv. Lett. 9 5–13
VLIR-UOS 2018 Projects—Surveillance de la dynamique de la
Biodiversite du Lac Tanganyika (https://vliruos.be/en/
projects/project/22?pid=2870)
WaltersM and Scholes R J 2017TheGEOHandbook on Biodiversity
ObservationNetworks (Berlin: Springer) p 326 (www.
springer.com/gp/book/9783319272863)
Watson I andNovelly P 2004Making the biodiversitymonitoring
system sustainable: design issues for large‐scalemonitoring
systemsAust. Ecol. 29 16–30
WilsonKA, AuerbachNA, SamK,Magini AG,Moss A S L,
Langhans SD, Budiharta S, TerzanoD andMeijaard E 2016
Conservation research is not happeningwhere it ismost
needed PLoS Biol. 14 e1002413
Young J C et al 2014 Improving the science-policy dialogue tomeet
the challenges of biodiversity conservation: having
conversations rather than talking at one-anotherBiodivers.
Conserv. 23 387–404
18
Environ. Res. Lett. 14 (2019) 035002
